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(57) Abstract: It is intended to provide a novel gene participating in the acetic acid tolerance of an acetic acid bacterium; a method 
of improving the acetic acid tolerance of a microorganism, in particular, an acetic acid bacterium using the gene; and a process for 
efficiently producing vinegar having an elevated acetic acid concentration with the use of the acetic acid bacterium having the thus 
improved acetic acid tolerance. A gene enabling an acetic acid bacterium to grow in a medium at such an acetic acid concentration 
that it cannot grow in usual is obtained from an acetic acid bacterium chromosomal DNA I ibrary. Thus, a novel gene having a function 
of improving the acetic acid tolerance of a practically available acetic acid bacterium belonging to the genus Gluconeacetobacter to 
a practically usable level is cloned. In a transformant having the above gene transferred into an acetic acid bacterium, the acetic acid 
tolerance is remarkably improved. When this transformant is cultured under aeration in the presence of ethanol, the growth inductive 
period can be shortened and the growth speed can be elevated. Moreover, the final acetic acid concentration can be remarkably 
elevated thereby. 
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2 l*p&&*tta&IBaifc^*rDNA. 
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(9) ±IB (7) N Xfct (8) C«*©«^«J© 5 77W3-;HMstB*# 
f S*>©^> ^;P=r-;vs^-r5%ifeT^bT^ifepffc»^*^^« 
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8 



WO 03/078635 



PCT/JP03/02946 



{is CO?? X K PpSPT^>pSPT2S7th;^^- • 7> Hz 
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x&mmm®mmm^3izmm<DMmmm<D5t>, m&mm&^i 10-13 
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(2) *mM<Dwmm 

(Acetobacter aceti) £>*i N T-fe h rtp • T^^-'N o . 10 23 
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*SHpACYC17 7<D*^-T-f ^>Wtt»te-?N * KpACYCl 
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4 5 2fcira*w&*i3o 

( 3 > 

±m<o x o t vx, mmmmytu^o^ v-m&mmztitc z mm 
K.m&z titer h/wt—m-vyft^yy* w9*—m<Dm 
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T fc* H^H^ftgmo < fcf tfJjK lTllfttl ^ifeSI 6 ©*&3ifTigci£A H^fe 
fMteftftftr W*F£*WFt6"fe>*--fcFERM BP- 7 9 3 2tbT^ 
14^ (2 0 0 2^) 3£ 1 Bfc*K<*fts ^ ltpUSPT2liB*i 

< «msc iTii»fti 6 ©aicff^sA iiw^t^ 

m f#l*»#i6-fe>*-tc:FERM BP- 8 3 0 4tlt«l 5^ (2 
0 0 3#) 2£ 2 6 Bfc*KSftTl*3<D*Cs #3*BJ3££I £&£^©D N 

^ Kof^Sis ^£»©wtE^©##BJ3£frfc2ftT:i3tK. v>"fftfcA^&v>b 
tot? zn^mmt^ctiz^^M 
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(rnrnm 1 ) ^vm >r-fe Y^t *~ • iptoomnn&Mfc?® 

(1) ^SftDNA^-f T^U-Of^M 

tfjlayy-b h/^£— «:n>^--f (Gluconacetobacter entanii) ©1| 
"5*57,12 b ^ ^ * - • 7^F7t 4 ( Acetobacter 

altoacetigenes MH-24) tfc ( F E R M BP-4 9 1) §6%Sis 4%oi^ 
y-MttbfeYPGM(3%^-^ 0. 5%g##:n#;^ 0. 2% 

(7, 5 o ox gN io^) u mitznto n zntcmi&z >k ww^caa t 

±I3<DJ;3£bT*§£ftfcffe6#:DNA£MI&BIS?IP stl 

stl t?^^-fbbTs ^D»f bfeo £*l£>CDDN A£3IM-f 0*M£-U >f 
— >a>*y h (TaKaEa DNA Ligation Kit Ver.2> Si@*g1±80 

bfco 

(2) WHttttHMK^^n-r:^ 

±fB©i?tcbT*f£;tifc^;i/=i>7-fe hn^*— • -«r D 

NA7^7 tf-fc, ®1»tt^^f«l±T?»^««l%Sje^T?b*JiJgiB* 
&V>THr h-/^^^ — • 7tf No . 1 0 2 3i (FERM BP- 2 2 8 7 ) 

*<D&, MMfeWLZtifcT-k h;^^- • n^No . 1 0 2 3tfc£s 2% 
fttts 1 00 jug /ml (DT>\^iyV >^tsYPGm^M-^^ 3 0 °C*C 4 

^Ct4Dfc3D^-S 1 0 >t^t/ >j >£^tfYP Gi&ife 

fciiit^iu $ h-snuRbfetcas Elites 
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T?7tb;^^-.7tfNo. 1 0 2 3|fc££Wmt&fc-rSDNA®fttfci:s 
p P 1 fc£n-><fb£ftfc$j4 kbpOPstl m^^om 2kbp©Eco 
RV-B a 1 I WfifC&SC t3&»«IBT?t*:o 

r-fe • T'-fe^N o . i o 2 3ft& 2 %^wt^m%mmx%mm^ 

(3) *n->fc3ftfcDNAW#0tt«ffi9J<Z>ft;e 

±««D*D — ><b£*ifcE coRV-Bal IBfK-*pUC 1 9 OS ma I 

••fliliMcKAU iti&rtf-©iM^iB?!J^ i^tf-©^^**^ • • 

mnfc. B«l^ttiB*©DNA«i©^««fi:ov^TfT«iV'»s ttMr£i±± 

18^^91 MOEOTiai + fctiU 1 8 7 £> 1 3 8 6 £ 

frH-ts fB?U#-#2fcia*bfc<fc5fc4 0 01©7^i (13) £i3- 
33— 7>V — 7*4 - 7 U — A (ORF) <D&&&mM>$WZo 
(mMM2) ?)V=i>'r* ynzz- • E&*©HM»BH4j*e : ?T?J& 

(i) t± • T*L*^<ommwk 

- 2 4 (Acetobacter altoacetigenes MH-24) ft (FERM BP-491) 

^©gmw&itfc^^ kod-pius - mmmmitm) tm^xvc 

Rttfc*oTJa«U iUBbfcDNAJ&rttfcBm®-:*:®^-* Yfr<*9 9 — 
p M V 2 4 Witt, imW*&3&m) ©WISmalWMfcffA 
bfcr^c- FpSPTt#Sbfc. p SP T£^A£ft*:Jf «@S0ftf-©$SB&£ 
01fc^bfe o 
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#-t5 (07) tc^-T) SV7-7-f7-2 («®ttlSS9y%S9!l#-9 6 (08) 
fcjjsf) *fflV>x TBt PCRMHIbfe, 
•f^to-fes PCR8tt9 4 , ClB»> 6 0 c C3 0#s B , 8'C2&1t 1*M 9 to 

C0pSP T^T-fe • T-fe^-N o .1 0 2 3|SfeK::£U^ h P^l^ 

1410 0/zg/mlO7>i;^'J >ZltJ t 2%©S|stt**lDUfcYPG*55*«l 

( 2 ) mmummommm^ 

-pMV 2 4 0«^^^Abfe7C^T-k h;^^--7tfNo. 1 0 2 3*t 
JtiKbfeo 

Hfrlftfcfciu — )V3%h7>\Z*sV > 1 0 O/zg/mimtS 1 

OOmlCYPG^Iiis **;-»3%, M3%t7>t^>'J>100/t 
g/mlS^tt5 1 0 0ml<Z>YP GigiiGD^ft^etii^ p S PT^*t5 
J&JSJlStMfcfc^* FM^^-pMV 2 4&;&-r£7D4*£&«U 3 0°CT*M 
t^mm (150rpm) £fr£VK 0Ktem^^7c<*©^^^ip^tts-e©^ 
6 6 0 nm{3j3^5^7teJS*«!l^^SCli:^Jt!Kbfeo 

^e©i^ 1^2 £7*1- £-5^ fmfc^bfcv^^&^&gMfc&tfTG 
■7tfNo. 102 3&&^®-c2&v^ £#«m-e£> ffgfcW&*G 
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( 3 ) 

MfB ( i ) titer ? cpSPT^t57>^i/y >m&<dmm 

*-pMV 2 4 O^mXhtcTnmr^ Y^?*- • 7tfNo. 1 0 2 3i 

Uttfttdfeiu 2L©^-^t- (^ftBa»#W» : TBR-2-1) &JBV> 
Ml %, cn^y-;w4%> T>t:>>U > 1 0 0 jjl g/m 1 £^tr 1 LO 
YPGi&JfefcTs 3 0°C N 4 0 0 rpnu 0. 2 0 v.vm0l^«M«^ff 

1 0 0/zg/ml£^r-r3YPG*g:tl!»£8 OOmlttU ffil %-£oc* 
J -;i/4 bT N *&*iagfcfc 3 3 'Cfc±tf T^U t S§@l£gg$&b;feo 

& + CD@m2tft£«!l£bTs itl&bfco 

*<ois^ 03fc*tia^ te&m&m-eiz4 o-cx-ammftm^ 

m& 1 Ri$feT'$>ifc<D&M\s"C, 7t>m7* • 1 0 2 3T5 

&3 7°C£^bfrS^&gi^ M#iim«£ix1\ S P T*&?0fiifciM4 

(H»J3) Mt**- • 

-•7t^-No. 1 0 2 34*£l!H84MMB&tttfcb&o 
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#M*Wfctt> 5L©^-^t- ( = V!7lfc*l«ttll; KM J- 5 A) * 
ffiV>Ts mi %> ^^y— ;i/4%s 'J >1 0 0/ig/ml £^tf 2 . 

5LOYPG^ifefcT> 3 0°Cs 4 0 0 rpm s 0. 2 0vvm(Dl^S#§ 

= 5?* — 4ifcglbT*&*tt*3l& tHU lofc7 0 0mLfc»lt7>^> U 
> 1 0 OjLLg/ml^tS 1 . 8 L©YPGigttl£»bT@m3%, :n#y 





(%) 


(OD660/hr) 


(%/hr) 


mmmmm 

(hr) 




9. 5 


0 . 0 1.5 1 


0. 10 3 


6 2.5 




11.1 


0 . 0 3 2 3 


0. 13 6 


2 4.0 



(mmm4) y^u^?* ynz*?- • - ^ E&jfeoiMtwttatfi? 

(Gluconacetobacter entanii) ©lftf*57t h;^#— • 7;i/b? 
t (AcetobacteraltoacetigenesMH-24) 4$ (FERM B 

P-491) fcxi/* hn#l/->3>ffi (0S*.l& *WWA«6#M) 
oTBM^glbfeo $*fc!fcl*t*l 0 0//g/ml©7>^><J>M4%© 
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v>3cfc*anBbfc. 

A#ttfcB\ 5 Lffl^-yt- ( = y>7l^IftS; KMJ-5A) £ 
/B^Ts »I*4%n i^y-;i/4%^ T>tr^U>l 0 0,ug/ml£^tf 2. 
5 LOYP Gigife^-Cx 3 0°C, 5 0 0 rpm, 0. 2Ovvm0l^M 

H£fr&v^ mmm&6. 3%$.~cm&$vtco 7oomi©^ 

>>U>1 0 0/zg/ml£^tpl. 8 L<DYPGi£*l!s£»lbT 6%, J 



m.2 





mmmmrn 
(%) 


(OD660/hr) 


(%/hr) 




14.6 


0.501 


0.142 




16.2 


0.756 


0.175 



*2®ig«)(pf» N ^JMEtt«t©**»x &&S13ige&iI&> ibJ13fi&&> 3= 

?-bh;^^--7-fe?-No. 1023 (Acetobacter aceti No. 1023) #c (F 
ERM BP-2287) SYP Gigife (3%^;i/3-;^ 0. 5%0«i^r 
0. 2%*U^:7 r>) T-3 0°CfcT2 4 WBBjSi: 5 «f«ftff «;ofe 0 i£ 

mmm%m>Mm ( 7 , 5oox g , 10^) u 

DNA^gtfeo 

±SBTJW»bfcDNA:fe*S!fcU inve r s ePCR&&#V^ *n 

(Acetobacter altoacetigenes MH-24) Ifc^fcftfcD NAIB#J (B2?!l^l ) 
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<DM&mm&m&m^7 (09) c^-tk 7-7^v-4 (^©^^sb^i^sb 

#]#-Sf8 (Ell 0) £7js1-) *-&J*bfeo &JC\ T-fe hn^^- • 7tfNo. 
1 0 2 3^0WDN AtiSi bfeP CRMJfafcfT^s $J 7 5 ObpOil 
*g»fM-^#feo ifets 7th;t^--7tfNo. 1 0 2 3|®$MDN 

Azmmmmv sti •c&£i»»ru ^t^oT^^-^a >&fTofe<> 

7-f^->3>iMSl:U /7^f7-5 (*©«£IBai&lBai*-^9 (12 

1 1) fc^-r) s 7*9 -fy- 6 (je<DMmmm*mmm^ 1 o <ia 1 2) &h 

fc&*iB^J#&££nfco ia^J&;£«W#©DN Am©:£«:l$£^•?:^Tfc• : ^ 
;fc:o 

*^-f (Gluconacetobacter entanii) ©lUt&STt h>^*- • 

(Acetobacter altoacetigenes MH-24) t (FERM B 
P-491){c^u^ ho*i/-^a>S (^^.«s iWfF:*:ift 6 #JSO 
otiSftmfe, &JM5Attttl 0 0 MS/ral(D7>Vi/ tf >M4%© 
|^^i;4%Orc:^y-;W§^Jnbfe0 . 5 5 %0^m«YPG|!^i| 

V»S£fc£5l^b;feo 

H\ 5LC$-^t- ( = V!7lflS*IJItt« ; KM J - 5 A) & 
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5 LGDYP GJSttfcTx 3 0°C N 5 0 0 r pm> 0. 2 0 vv m<Z>jIMit#i§ 
**fr*it^ iiM6. 3%lTWtfe, *0«x 7 0 0mlOlgit 

i/>J > 1 0 0 #g/m 1 £^tf 1 . 8 L (DY F Gtgm*mtoVX 6 %s cc^y 



*3 





(%) 


(OD660/hr) 


(%/hr) 




14.6 


0 . 5 0 1 


0.142 




16.0 


0.605 


0.153 



*3ong*'<p&x »stteiM*©*^ jtJtatiii^ 
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ffi $ <D I 1 

1 TIB© (A) > (B) tZ7Ft?>A?nSPTo 

(b> mn^.omn^2KmmoT^j^Mm^^x, i^u<t±M 
©y^y^©fi& N fAs ftflk wmmtf>t>te d> 

2 TIB© (A) Xfci: (B) twt^>;^SSPT§3-h't5 

(b) mmm.<Dmmm^2Kmm®7^;mmm^3&^Ts i^ixsm 

3 TIB© (a) , Xl± (b) D N AT?& &m&m 2 £IBiK©$t 
fi?©DNA 0 

( a ) iB^©ig^j## i izmm<Dm&mm<?) a ^ 1 8 7 ~ 1 3 

( b ) m&m&mmm-^ 1 £fB«i©^@a5ii© -5 ^ s 1 8 7 ~ 1 3 

4 TSB© (A) % X« (B) W^>^^SSPT2. 

(A) lB^J^cD@B^J#-^4lcfB«©T^ JW£W&H? Wl^Ko 

(B) K5!l3E<Z>IB9UM4K:ia«©r^ ^ ^B2^Jfc*JV>T> 1 sgb<£gftM 
©T^ y^©g& N WXs Hta^ X&MtiL%-£&7$;MmWp>fi>t£t), 

mmm&%m&t 3«t&£wrs*w<*!gspT2o 

5 TIB© (A) N Xfcfc (B) tSt^>/^SSP T2^3-Kt 
SJtfe^F©DNA» 
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(b) m&m<Dm&m-%4vimw,<D7* ;ipjci'^ts 1 %\s<&wcm 

6 TIB© (A) s Xfc* (B) t^tDNA^^Si^i 5 £|B*&© 
Jtfe^cDDNAo 

(A) iBJ!J^Oia^J#-t3^f3*©^Sia^J©a 3 8 6-16 

3 6fre>fc3*«Ig?i.J£^tfDNAo 

(b) mvm(Dm&m-%3izmm(DM&mm<D5i3, m&m-^3 8 6~i 6 

3 6fr£fc3^«I3#lxi±-e<z>— ^*^Htfe7D-yi: N ^ h »; >^oc> 
PUS PT (PERM BP-7932K *U<tt»*S5, XfcfcSI^ 6 

£mm<DVNA*^/o-fcmwi : %.77z* k p us pt 2 (ferm bp-8 

3 0 4) o 
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MetSerllePheSerLysTyrGluGlyLeu AlaSerAlaLeuSerAlaValThrAlaAsp 
GlyGlyArgAsnProPheAsnValVallle GluLysProIleSerSerThrValGlyLeu 
IleGluGlyArgGluThrLeuLeuPheGly ThrAsnAsnTyrLeuGlyLeuSerGlnSer 
ProAlaAlalleGluAlaAlaValGluAla AlaArgAlaTyrGlyValGlyThrThrGly 
SerArglleAlaAsnGlyThrGlnGlyLeu HisArgGlnLeuGluGluArgL<?uCysThr 
PhePheArgArgArgHisCysMetValPhe SerThrGlyTyrGlnAlaAsoLeuGlyThr 
IleSerAlaLeuAlaGlyLysAspAspTyr LeuLeuLeuAspAlaAspSerHisAlaSer 
IleTyrAspGlySerArgLeuGlyHisAla GlnVal IleArgPheAr gHisAsnAspAla 
AspAspLeuHisLysArgLeuArgArgLeu AspGlyThrProGlyAlaLysLeuValVal 
ValGluGlylleTyrSerMetMetGlyAsp ValValProMetAlaGluPheAlaAlaVal 
LysArgGluThrGlyAlaTrpLeuLeuAla AspGluAlaHisSerValGlyValMetGly 
GluHisGlyArgGlyValAlaGluSerAsp GlyValGluAspAspValAspPheValVal 
GlyThxPheSerLysSerLeuGlyThrVal GlyGlyTyrCysValSerAsnHisAlaGly 
LeuAspLeuIleArgLeuCysSerArgPro TyrMetPheThrAlaSerLeuProProGly 
VallleAlaAlaTbrMetAlaAlaLeuThr GluLeuGluAsnArgProGluLeuArgVal 
ArgLeuMetAspAsnAlaArgArgLeuHis AspGlyLeuGlnAlaAlaGlyLeuArgThr 
GlyProGlnAlaSerProValValSerVal JleLeuAspAspValAlaValAlaValAla 
PheTrpAsnArgLeuLeuAspLeuGlyVal TyrValAsnLeuSerLeuProProAlaThr 
ProAspGlnHisProLeuLeuAfgThrSer ValMetAlaThrHisThrProGluGlnJle 
AspArgAlaValGluIlePheAlaValVal AlaGlyGluMetGlylleAsnArgAlaAla 
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m& 



MetThrSerLeuPheSerLysPheGluGly 


ThrAlaGlyAlaLeuGlySerValValAla 


20 


ValGlyGlyArgAsnProPheAlaValVal 


IleGluLysProValSerSerThrValGly 


40 


11 ell eGl uGlyAr gGluThrLeuLeuPhe 


Gl yThr Asn AsnTyrLeuGl yLeuSerGln 


60 


SerLysAsnAlalleGlnAlaAlaGlnGlo 


AlaAlaAlaAlaCysGlyValGlyThrThr 


80 


GlySerArglleAlaAsnGlyThrGlnSer 


LeuHisArgGlnLeuGluLysAspIleAla 


100 


AlaPhePheGlyArgArgAspAlaMatVal 


PheSerThrGlyTyrGlnAlaAsnLeuGly 


120 


IlelleSerThrLeuAlaGlyLysAspAsp 


HisLeuPheLeuAspAlaAspSerHisAla 


140 


Serl 1 8Tyr AspGl yS er Ar gLeuSer Ala 


A 1 aG lu Va 1 1 1 eAr gPh eAr gHi s As nAsp 


160 


ProAspAsnLeuTyrLysArgLeuLysArg 


MetAspGlyThrProGlyAl aLysLeuIle 


180 


ValValGluGlylleTyrSerMetThrGly 


AsnValAlaProlleAlaGluPheValAla 


200 


ValLysLysGluThrGlyAlaTyrLeuLeu 


ValAspGluAlaHisSerPheGlyValLeu 


220 


GlyGlnAsnGlyArgGlyAlaAlaGluAla 


AspGly Va 1 Glu Al aAspVa 1 AspPheVa 1 


240 


ValGlyTkrPheSerLysSerLeuGlyT.hr 


ValGly Gl yTyrCy sVal SerAspHi sPr o 


260 


GluLeuGluPheValArgLeuAsnCysArg 


ProTyrMetPheThrAlaSerLeuProPro 


280 


GluVal 11 eAlaAl aThrThr AlaAlaLeu 


Ly sAspMe t G 1 nAl aHi sPr oG luLeuAr g 


300 


Ly sG InLeuMe t Al aAsnAl aGlnGlnLev 


Hi sAlaGlyPheVal Aspll eGlyLeuAsn 


320 


AlaSerLysHisAlaThrProVallleAla 


ValThrLeuGluThrAlaGluGluAlalle • 


340 


ProMetTrpAsnArgLeuLeuGluLeuGly 


ValTyrValAsnLeuSerLeuProProAla 


360 


ThrProAspSerArgProLeuLeuArgCys 


SerValMetAlaThrHisThrProGluGln 


380 


HeAlaGlnAlaileAlallePheArgGln 


AlaAlaAlaGluValGlyValThrlleThr 


400 


ProSerAlaAla 







07' 

5 '-CTGGCTG C CTGT AT CGT CT CT CT C A AG C AG- 3 ' 

t 

ffl 8 '• 

5 ACGGCTGCAGCTGGTCTTGCCGTATCT— 3' 
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09 1 

5' — GGCAAACCTCGGCATTATT T'C CACGCTOGC-3' 



5 . ' — G CGAAT CT GGTG TAG C CGGAGGAAGGCTG— 3 ' 

mi 1 

5 '-GC C AGCGTGGAAATAATGC CGAGGTTTG CC-3' 
Ml 2 

5 ' — CAGCCTTCCTCCGGCTACACCAGATTCGC — 3 ' 



mi 0 
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SEQUENCE LISTING 
<110> Mitsukan Group Corporation 

<120> Structural gene responsible for acetic acid resistance in acetic 

acid bacteria, acetic acid bacteria transformed with said gene, and acetic 

acid fermentation using said transformants. 

<130> 6676 

<141> 2003-3-12 

<160> 4 

<210> 1 

<211> 2016 

<212> DNA 

<213> Gluconacetobacter entanii 
<400> 1 

gatatcaatg gcagcagcaa gatcgttgag gatctggcct ttgattcact ggccgtcatg 60 
aattttgtca tggaaatcga ggacacgctc gacgtttccg tgccgcttga ccggctggct 120 
gatatccgca ccattgatga tctggctgcc tgtatcgtct ctctcaagca ggcatcctga 180 
tacaccatgt cgattttctc gaaatatgaa ggccttgcgt ccgccctgtc ggcggtaacg 240 
gccgatggtg ggcgcaaccc gttcaacgtc gtgatcgaaa agcccatttc ctccacggtc 300 
gggctgatcg aagggcgcga gacgcttctg ttcggcacca acaactatct tgggctgagc 360 
cagtccccgg ccgcgatcga agcggcggtg gaagccgcca gggcttatgg tgtcggcacg 420 
accggatcgc gcatcgccaa tggcacgcag ggtctgcacc gccagttgga agagcggctg 480 
tgcaccttct tccgtcgtcg gcactgcatg gtgttttcca ccggttacca ggccaatctg 540 
ggcacgattt ccgcactggc gggcaaggac gattatctgc tgcttgatgc ggacagccat 600 
gccagcatct atgatggcag ccgccttggc catgcgcagg tcatccgctt ccgtcacaac 660 
gacgccgatg acctgcataa acgcctgcgc cgccttgatg gtacgcccgg agcgaaactg 720 
gtcgtggtcg aaggcatcta ttccatgatg ggcgacgtcg ttcccatggc ggaattcgcg 780 
gccgtcaagc gggaaaccgg tgcatggctg ctggcggatg aagcacattc cgttggtgta 840 
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atgggcgaac atggccgtgg cgtggcggaa tccgacggcg tggaagatga tgtcgatttt 900 
gtcgtcggca ccttttccaa aagccttggc acggttggtg gctactgtgt ttccaaccat 960 
.gccgggctgg acctgatccg gctgtgttcg cgtccgtaca tgttcaccgc atccctgccg 1020 
ccggaagtca tcgccgcgac catggccgcg ctgactgaac tggaaaaccg gccggaactg 1080 
cgcgtgcggt tgatggacaa tgcacgcagg cttcatgacg ggctgcaggc ggccggcctg 1140 
cgcaccggcc cgcaggccag tcctgtcgtg tccgtcattc tggatgatgt ggcggttgcc 1200 
gtggcgttct ggaaccggct gctggacctt ggggtttacg tcaacctcag cctgccgcct 1260 
gcaacgcccg accagcatcc cctgctgcgg acctccgtca tggcgaccca tacgccggag 1320 
cagatagacc gggccgtgga aatcttcgcc gttgtagcgg gcgagatggg tatcaaccgc 1380 
gccgcctgaa aaaacctgcc tgccgtaatt tccacagcag atacggcagg cagaccagcg 1440 
gatgccgttc cgaaaacggc cccagcggca gttcaatgcc ggaatgccgc ctgatcttcc 1500 
atgcgatata gcgcgcgcca ccttcaaacg tgaaggcccc cttgaacagg cggctgacat 1560 
tcagcacgcg ccccagccga ccacgcagcc accagccttc gtacatcttc cggcgcagtt 1620 
caggtgtcag ctggggggtt agttgatcgc cctcagaccg gaacggcagg ccatcggcgc 1680 
gccatacatc cggcagcagg cgcctgtacc gtgcttqctg cccctgtagc aggctacgcg 1740 
gcctgcggcc gttctccaca cgcagttccg caccgtaagt atgggcgaac agggccagcc 1800 
agtagtcatc ggccgtgccc tgtgccggac ccagggcggc agcecagcgc cccgcctgcc 1860 
ccaccgcgcg gataatgcag gccaggatgg catcggccgc gtccggttcc ctgacccata 1920 
caagccgcac aggctggcag aagcgtgccc agaccgtggt atccaacgtg gcgcgtcccg 1980 
tcatgcggcg gaactgcgct atggacagga tggcca 2016 
<210> 2 
<211> 400 
<212> PRT 

<213> Gluconacetobacter entanii 
<400> 2 

Met Ser He Phe Ser Lys Tyr Glu Gly Leu Ala Ser Ala Leu Sep Ala 



Val Thr Ala Asp Gly Gly Arg Asn Pro Phe Asn Val Val He Glu Lys 



10 



15 
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20 25 30 

Pro He Ser Ser Thr Val Gly Leu lie Glu Gly Arg Glu Thr Leu Leu 

35 40 45 

Phe Gly Thr Asn Asn Tyr Leu Gly Leu Ser Gin Ser Pro Ala Ala He 

50 55 60 

Glu Ala Ala Val Glu Ala Ala Arg Ala Tyr Gly Val Gly Thr Thr Gly 
65 70 75 80 

Ser Arg He Ala Asn Gly Thr Gin Gly Leu His Arg Gin Leu Glu Glu 

85 90 95 

Arg Leu Cys Thr Phe Phe Arg Arg Arg His Cys Met Val Phe Ser Thr 

100 105 110 

Gly Tyr Gin Ala Asn Leu Gly Thr He Ser Ala Leu Ala Gly Lys Asp 

115 120 125 

Asp Tyr Leu Leu Leu Asp Ala Asp Ser His Ala Ser He Tyr Asp Gly 

130 135 140 

Ser Arg Leu Gly His Ala Gin Val He Arg Phe Arg His Asn Asp Ala 
145 150 155 160 

Asp Asp Leu His Lys Arg Leu Arg Arg Leu Asp Gly Thr Pro Gly Ala 

165 170 175 

Lys Leu Val Val Val Glu Gly He Tyr Ser Met Met Gly Asp Val Val 

180 185 190 

Pro Met Ala Glu Phe Ala Ala Val Lys Arg Glu Thr Gly Ala Trp Leu 

195 200 205 

Leu Ala Asp Glu Ala His Ser Val Gly Val Met Gly Glu His Gly Arg 

210 215 220 

Gly Val Ala Glu Ser Asp Gly Val Glu Asp Asp Val Asp Phe Val Val 
225 230 235 240 

Gly Thr Phe Ser Lys Ser Leu Gly Thr Val Gly Gly Tyr Cys Val Ser 
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245 250 255 

Asn His Ala Gly Leu Asp Leu He Arg Leu Cys Ser Arg Pro Tyr Met 

260 265 270 

Phe Thr Ala Ser Leu Pro Pro Glu Val lie Ala Ala Thr Met Ala Ala 

275 280 285 

Leu Thr Glu Leu Glu Asn Arg Pro Glu Leu Arg Val Arg Leu Met Asp 

290 295 300 

Asn Ala Arg Arg Leu His Asp Gly Leu Gin Ala Ala Gly Leu Arg Thr 
305 310 315 320 

Gly Pro Gin Ala Ser Pro Val Val Ser Val He Leu Asp Asp Val Ala 

325 330 335 

Val Ala Val Ala Phe Trp Asn Arg Leu Leu Asp Leu Gly Val Tyr Val 

340 345 350 

Asn Leu Ser Leu Pro Pro Ala Thr Pro Asp Gin His Pro Leu Leu Arg 

355 360 365 

Thr Ser Val Met Ala Thr His Thr Pro Glu Gin lie Asp Arg Ala Val 

370 375 380 

Glu He Phe Ala Val Val Ala Gly Glu Met Gly lie Asn Arg Ala Ala 
385 390 395 400 

<210> 3 
<211> 1705 
<212> DNA 
<213> Acetobacter aceti 
<400> 3 

gaagacagct tggatgtatc tatcccgctc gacaaactgg ctgatatccg aacgattaat 60 
gaccttgccg cttgcattgt tgctctgaaa aacaaagggt gaggcgtgga tgacatcact 120 
attttccaaa tttgaaggta cggcaggcgc gctgggttcc gttgtggccg taggcggtcg 180 
caaccctttt gctgttgtta ttgaaaaacc tgtctcttca actgttggaa ttattgaagg 240 
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tcgggaaacg cttctttttg gcaccaataa ctatttgggg cttagtcaat ccaaaaatgc 300 
cattcaagca gcccagcagg ctgccgcggc atgtggcgta ggcacaacgg gctcacgcat 360 
tgcaaatggc acacaatccc tgcaccgaea gcttgaaaaa gatattgccg cgttttttgg 420 
tcggcgtgat gccatggttt tttccacggg gtatcaggca aacctcggca ttatttccac 480 
gctggcaggt aaggatgacc acctgtttct ggatgctgat agccacgcca gtatctatga 540 
tggcagccgc ctgagtgcag cagaagttat tcgcttccgc cataatgatc cagacaacct 600 
ttataaacgc cttaaacgca tggatggcac gccaggcgcc aaattgattg tggttgaagg 660 
catttattcc atgacgggta atgttgcccc gattgcagaa tttgttgctg ttaaaaaaga 720 
aacaggcgct tacctgctgg tagatgaagc ccattctttt ggcgtgttgg gtcaaaatgg 780 
gcgtggtgcc gctgaggctg atggcgtgga agctgatgtg gactttgttg tcggcacatt 840 
ttccaaaagc ttgggcacag ttggcggtta ctgcgtatct gaccatcctg agctggagtt 900 
tgtgcgctta aactgccggc cctatatgtt tacggcatcg ctaccgccgg aagttattgc 960 
tgccacaacg gctgccttga aagatatgca ggcacatcct gaattgcgta agcagcttat 1020 
ggcaaacgcg cagcaactac atgcaggttt tgtagatatt gggctaaatg ccagcaaaca 1080 
cgcaacccca gttattgccg ttacattgga aacagctgaa gaagctattc ccatgtggaa 1140 
caggcttttg gaacttggtg tttatgtaaa tctcagcctt cctccggcta caccagattc 1200 
gcggccgttg ctccgttgtt ccgtaatggc cacccatacg cccgaacaaa ttgcgcaggc 1260 
tattgccata ttcaggcagg ctgcggcaga agtaggcgta accatcacac cctccgctgc 1320 
ttaaaaaaaa gctatttgcg cttgaatgcc ccttgctgcc 1360 
<210> 4 
<211> 417 
<212> PRT 
<213> Acetobacter aceti 
<400> 4 

Met Thr Ser Leu Phe Ser Lys Phe Glu Gly Thr Ala Gly Ala Leu Gly 

5 10 15 

Ser Val Val Ala Val Gly Gly Arg Aan Pro Phe Ala Val Val lie Glu 

20 25 30 

Lya Pro Val Ser Ser Thr Val Gly lie lie Glu Gly Arg Glu Thr Leu 
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35 40 . 45 

Leu Phe Gly Thr Asn Asn Tyr Leu Gly Leu Sei Glu Ser Lys Asn Ala 

50 55 60 

He Gin Ala Ala Gin Gin Ala Ala Ala Ala Cys Gly Val Gly Thr Thr 
65 70 75 80 

Gly Ser Arg He Ala Asn Gly Thr Gin Ser Leu His Arg Gin Leu Glu 

85 90 95 

Lys Asp He Ala Ala Phe Phe Gly Arg Arg Asp Ala Met Val Phe Ser 

100 105 110 

Thr Gly Tyr Gin Ala Asn Leu Gly He ne Ser Thr Leu Ala Gly Lys 

115 120 125 

Asp Asp His Leu Phe Leu Asp Ala Asp Ser His Ala Ser ne Tyr Asp 

130 135 140 

Gly Ser Arg Leu Ser Ala Ala Glu Val He Arg Phe Arg His Asn Asp 
14 5 150 155 160 

Pro Asp Asn Leu Tyr Lys Arg Leu Lys Arg Met Asp Gly Thr Pro Gly 

165 170 175 

Ala Lys Leu ne Val Val Glu Gly He Tyr Ser Met Thr Gly Asn Val 

180 185 190 

Ala Pro He Ala Glu Phe Val Ala Val Lys Lys Glu Thr Gly Ala Tyr 

195 200 205 

Leu Leu Val Asp Glu Ala His Ser Phe Gly Val Leu Gly Gin Asn Gly 

210 215 220 

Arg Gly Ala Ala Glu Ala Asp Gly Val Glu Ala Asp Val Asp Phe Val 
225 230 235 240 

Val Gly Thr Phe Ser Lys Ser Leu Gly Thr Val Gly Gly Tyr Cys Val 

245 250 255 

Ser Asp His Pro Glu Leu Glu Phe Val Arg Leu Asn Cys Arg Pro Tyr 
260 265 270 
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Met Phe Thr Ala Ser Leu Pro Pro Glu Val lie Ala Ala Thr Thr Ala 

275 280 285 

Ala Leu Lys Asp Met Gin Ala His Pro Glu Leu Arg Lys Gin Leu Mel 

290 295 300 

Ala Asn Ala Gin Gin Leu His Ala Gly Phe Val Asp ne Gly Leu Asn 
305 310 315 320 

Ala Ser Lys His Ala Thr Pro Val He Ala Val Thr Leu Glu Thr Ala 

325 330 335 

Glu Glu Ala ne Pro Met Trp Asn Arg Leu Leu Glu Leu Gly Val Tyr 

340 345 350 

Val Asn Leu Ser Leu Pro Pro Ala Thr Pro Asp Ser Arg Pro Leu Leu 

355 360 365 

Arg Cys Ser Val Met Ala Thr His Thr Pro Glu Gin He Ala Gin Ala 

370 375 380 

He Ala He Phe Arg Gin Ala Ala Ala Glu Val Gly Val Thr ne Thr 
385 390 395 400 

Pro Ser Ala Ala 



<210> 


5 


<211> 


30 


<212> 


DNA 


<213> 


Artificial Sequence 


<400> 


5 


ctggctgcct 


gtatcgtctc tctcaagcag 


<210> 


6 


<211> 


30 


<212> 


DNA 


<213> 


Artificial Sequence 


<400> 


6 
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acggctgcag ctggtctgcc tgccgtatct 30 
<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 7 

ggcaaacctc ggcattattt ccacgctggc 30 
<210> 8 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<400> 8 

gcgaatctgg tgtagccgga ggaaggctg 29 
<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 9 

gccagcgtgg aaataatgcc gaggtttgcc 30 
<210> 10 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 10 

cagccttcct ccggctacac cagattcgc 29 
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